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The list of materials and their associated properties used to build the OTS materials map are given in Table ST1 . These points cluster and define an area on the Ionicity = f(Hybridization) plot that has a high probability to host materials exhibiting OTS. This map is used to predict new selector materials by computing different compositions that lie in the same area. Single polarity switching sweeps for the three studied routes are shown in Fig. S1 . The threshold switching is observed in all graphs. A summary of switching parameters and electrical performance for the studied materials is given in Fig. S2 . All three routes conduct to a degradation of the electrical characteristics. As stated in the main text, the glass transition temperature can be used as a lower limit for the crystallization temperature. Fig. S4(a) shows the theoretical glass transition temperature as a function of the experimental crystallization temperature, measured by IS-XRD for several compositions that we prepared in order to test this assumption. For all the compositions from the systems C-Ge-Te, Si-Ge-Te and N-Ge-Te, this assumption holds (i.e Tg sim is always below Tc exp ). In addition to our measurements, we explored a series of compositions from previously published data for Ge-As-Te 4 and Si-As-Te 5 systems and compared the experimental and the computed glass transition temperatures (Fig. S4(b) ). The model usually underestimates Tg, but the values are acceptable. We can conclude that the computed glass transition temperature is a reliable lower limit for the crystallization temperature. Using the new map of OTS materials, we predicted a list of materials that should have both the expected thermal stability and OTS property, and are listed in Table ST2 . The average coordination number <m>/2, computed using the generalized 8 -<N> rule, is 1.6 and 1.325 for Si0.45Ge0.15Te0.40 and In0.05Si0.25Te0.70, respectively. The model is applicable only in case N ≥ 4. Therefore, in some cases, formal electron transfer takes place from one atom to another. The second composition was selected to emphasize this charge transfer. So, for In0.05Si0.25Te0.70, as a consequence of formal electron transfer from Te to In, all In atoms will form four bonds (0.15) and 0.05 Te atoms will form three bonds in order to satisfy the total number of bonds in the structure. The bonds are then formed in the order of decreasing bond enthalpies, heteronuclear bonds being preferred to homonuclear bonds, as shown in Table ST3 . Table ST3 . Calculated glass transition temperature and bond enthalpies for Si0.45Ge0.15Te0.40 and In0.05Si0.25Te0.70. For each bond, the number of bonds and the enthalpy these bonds are contributing to the enthalpy of atomisation, are shown. The enthalpies are given in kJ/mol, and Tg is in °C. Finally, the enthalpy of atomisation, Ha, is the summation over the enthalpy contribution from each type of bond. The glass transition temperature is then computed using eq. (7) from the manuscript.
The first two compositions from table ST2 (Si0.60Te0.40 and Si0.55Te0.45), proved experimentally to have the expected thermal stability (Fig. S5(a) and (b) ), but showed a poor OTS effect. In addition, we prepared two other compositions from the system C-Si-Te, namely C0.0275Si0.5225Te0.45 and C0.05Si0.45Te0.50 (Fig. S5(c) and (d) ), and another composition from the Sn-Si-Te system (Sn0.06Si0.54Te0.40 - Fig. S5(e) ). Their thermal stability was tested by IS-XRD (Fig. S5) Device fabrication process procedure is shown in Fig. S6 . The devices are fabricated using an e-beam & lift-off process, on substrates pre-processed in a 300 mm process. The substrate pre-processing involves definition and patterning of a TiN bottom electrode (BE) on a thick oxide substrate, deposited on 300 mm Si wafers. The BE patterning is followed by oxide deposition and chemical-mechanical polishing (CMP), stopping on TiN BE, so as to end up with a planarized BE top-surface. The wafers processed up to this point follow a process similar to that of Ref. 6 , and serve as substrate for the subsequent lab processing (starting at cartoon 1), where the devices are processed to define the top electrode stack (i.e. TE contact and the chalcogenide film). The final device is a crossbar, where a chalcogenide film is sandwiched between two TiN crossing electrodes. Devices with dimension from 10 μm, down to 55 nm are patterned using this flow. IS-XRD data for all three routes of thermal stability increase are shown in Figs. S7, S8 and S9. All the routes followed to increase the thermal stability succeeded, but at the cost of electrical switching degradation. 
